With the exception of certain sour milks such as kefir and koumiss, the presence of lactose-fermenting yeasts in dairy products is most undesirable because it results in gassy fermentation.
Since the early days of microbiology, many lactosefermenting yeasts, both sporogenous and asporogenous, have been isolated. In most of the cases, however, the descriptions of these yeasts, viewed by present standards, are inadequate for a conclusive comparison with similar yeasts identified in recent years. In view of this, and because the literature on these yeasts from 1887 to 1910 has been reviewed by Hammer and Cordes (1920) , no specific reference of these sources is given.
In 1918, Hunter recognized a nonsporulating lactosefermenting yeast responsible for "foamy" cream. In 1920, Hammer and Cordes isolated from "gassy" cream two types of lactose-fermenting yeasts which they described in detail and named Torula cremoris and Torula sphaerica. In England, Allen and Thornley (1929) reported the isolation from "gassy" cheese of two lactosefermenting yeasts, one sporogenous and the other asporogenous, referred to as B and C, respectively. In 1942, Weiser isolated from split-rind Swiss cheese a lactose-fermenting yeast which he identified as T. cremoris previously described by Hammer and Cordes (1920) . The author, examining samples of yeast-contaminated yoghurt, isolated lactose-fermenting yeasts in four instances (Soulides, 1955) . This investigation deals with the study of these yeasts in connection with their effect on the product and its bacterial flora.
MATERIALS AND METHODS
The yeasts were isolated by streaking yoghurt on yeast extract-malt extract agar and incubating at 25 C. The ability of the yeasts to sporulate and their cellular and cultural morphology, as well as the fermentation, assimilation, vitamin deficiency, and growth temperature tests, were carried out exactly as described by Wickerham (1951) . The thermal death point was determined by inoculating tubes containing 5 ml of skim milk with 0.1 ml of a water suspension from a 24-hour culture in malt extract-yeast extract slants.
The Lactobacillus bulgaricus and Streptococcus thermophilus cultures were isolated either from yoghurt or milk or obtained from the American Type Culture Collection (ATCC). Four strains of lactobacilli and four strains of streptococci were used. Those designated as L4 and S4 were ATCC L. bulgaricus 9224 and ATCC S. thermophilus 7952, respectively.
Screw-cap bottles containing 50 ml of milk were inoculated with the yeasts and kept at 25 C. Similar samples after incubation were kept in the refrigerator (1 to 2 C). At regular intervals, the total acidity, pH, and ethanol content of these samples were determined. A duplicate set of bottles containing 50 ml of milk were inoculated with the yeasts in association with Lactobacillus L4, Streptococcus S4 and a combination of L4 and S4. At the same time the three bacterial cultures were grown without the yeasts. After incubation at 37 C, one set was kept at 25 C and the other in the refrigerator. The pH, and content of ethanol, as well as the content of lactic acid, were determined at regular intervals. Two sets of litmus milk tubes were inoculated with the four lactobacilli and the four streptococci, singly and in association with the yeasts. After incubation one set was kept at 25 C and the other in the refrigerator. All cultures were examined regularly for viability.
The determination of ethanol was performed as recommended by Gingras and Gaudry (1944) . This consists of oxidizing the distilled ethanol to acetic acid with potassium bichromate in sulfuric acid and determining the resulting green chromic ion photoelectrically at 600-m,i wave length. The distillation apparatus used was based on the design suggested by Nicloux (1931) . The photoelectric measurements were made by means of the Bausch and Lomb Spectronic 20 Colorimeter. In the determination of lactic acid the separation of lactates and their dehydration to acetaldehyde were performed according to Heinemann (1940) , while the measurement of acetaldehyde was carried out colorimetrically with veratrole by means of the above-mentioned photoelectrometer at 527 m,u as described by Snell and Snell (1953) .
RESULTS AND DISCuSSION
The morphologic study of the isolated yeasts disclosed the existence of two colony variations which are referred to as A and B. These variations appeared on the yeast extract-malt extract agar at the initial isola-LACTOSE-FERMENTING YEASTS IN YOGHURT tion and they proved to be constant. Variation A produced colonies with an entire edge, while variation B formed colonies showing short hyphae on the periphery clearly visible by 16-mm lens. Dalmau plates of A and B showed that this difference was restricted only to the aerobic spot colony and the aerobic part of the streak; the anaerobic colony and the anaerobic streak of both variations formed pseudohyphae. The aerobic spot colonies of both variations were dull, white, and rather smooth. In the case of variation A, cells from the edge of the colony occurred singly and were ellipsoidal; 3.4 x 1.7 ,u to 10.2 x 3.4 ,u. The hyphae in the anaerobic portion of the streak were from 280 to 300 ,A long. The ratios of length of the tip cells to their adjacent cells for three hyphae were. 6.8: 17 ,u; 8.5:15 u; and 3.4:23.8 ,u. On the hyphae oval, mainly single, blastospores were borne. Cells from the edge of the variation B colony ranged from large, elongated cells, arranged in chains of 4 to 7 to small, ellipsoidal cells, occurring singly. The cells were 3 x 2 ,u to 28 x 34 ,u. The hyphae in the anaerobic streak were from 400 to 500 I long. The ratio of the length of the tip cells to their adjacent cells were 8.5:17 ts; 10:20 ,u; and 8.5:25.5 u. With the above exceptions, the two variants displayed no biochemical differences or other discrepancies.
The yeasts failed to sporulate and formed no pellicle on assimilation media. They developed a strong fruity odor when grown in milk or other media. The best growth was obtained at 37 C, while good growth occurred at 45 C in 24 hours. No growth was obtained at 47 C. The thermal death point in milk ranged from 56 to 58 C. In addition to the sugar fermentations and the carbon and nitrogen assimilation reactions shown in table 1, the yeasts did not liquefy gelatin and did not grow in the absence of vitamins.
On the basis of the generic characteristics as defined by Lodder and Kreger-van Rij (1952) , it appears that the yeasts under study belonged to the genus Torulopsis. The biochemical and other reactions showed that the yeasts were essentially closer to T. cremoris as defined by Hammer and Cordes (1920) and Harrison (1928) than to the yeast C isolated by Allen and Thornley (1929) or to Torulopsis sphaerica described by Lodder and Kreger-van Rij (1952) . The yeasts grew readily in milk with production of abundant gas, moderate acidity, and ethanol (table 2). The method used for the determination of ethanol (Gingras and Gaudry, 1944) is recommended for similar determination in blood. However, preliminary trials which included quantitative recovery of added ethanol from milk samples, showed that the same method can be used efficiently with milk cultures, provided no other reducing agents are present.
While the total acidity and the pH reached their highest point during the 48 hours of incubation, the production of ethanol was gradual and it required 12 days to reach its peak. From then on, like acidity, it remained unchanged until the end of the experiment. After 10 to 12 days of standing at 25 C, a precipitation of casein occurred. This was also observed by Hammer and Cordes (1920) and it was attributed by them to the action of a rennin-like enzyme possessed by the yeasts, since the acidity was too low to account for coagulation. The corresponding milk cultures which were kept in the refrigerator showed no increase in ethanol and no precipitation of casein.
Growth of Streptococcus thermophilus S4 and Lactobacillus bulgaricus L4 in association with the yeasts, as shown in table 3, also resulted in gradual production of ethanol with the difference that its content was substantially lower in the lactobacillus and lactobacillusstreptococcus cultures than in that of streptococcus. It is possible that the high acidity of the first two cultures may have been responsible for the low yield of ethanol. Since the yeasts were capable of utilizing lactic acid ( Table 4 shows that the association of the streptococci and the lactobacilli wNith the yeasts increased the viability of bacteria. This, in the case of the cultures kept at 25 C, may be explained by the fact that the lactic acid, which generally is considered responsible for the early death of S. thermophiluts and L. bulgaricus, was gradually eliminated by the yeasts. However, the prolongation of the viability of similar cultures under refrigeration, during which no decrease of lactic acid took place, clearly indicates the presence of additional factors capable of extending the viability of these organisms (Soulides, 1955) . Work toward the elucidation of this point is under way.
In order to study the effect of the yeast on the product, samples of yoghurt from whole milk in 100-ml screw-lid jars were prepared. The yeasts were inoculated either into the milk prior to fermentation or into the finished product. The samples made from the yeastcontaminated milk showed profuse gas production with deep ruptures of the curd. When these samples were kept at 25 C, the product acquired a fruity taste in 3 days and in 10 days, became yellowish and lost its palatability. The content of ethanol in these samples did not exceed 1.70 per cent. Similar samples which were placed in the refrigerator immediately after fermentation, did not show appreciable spoilage even after 2 to 3 weeks. Samples contaminated with the yeast after fermentation and kept at 25 C, in 3 days developed abimdant gas which would escape upon removal of the lid, and in 10 days became inedible as a result of excessive yeastiness. SUMMARY Lactose-fermenting yeasts isolated from yoghurt were found to be closely associated with Torula crem.oris.
In milk the yeasts produced abundant gas, limited acidity, and appreciable amounts of ethanol. When grown in association with strains of Streptococcus thermophilus and Lactobacillus butlgaricus, they produced ethanol, assimilated lactic acid, and increased the viability of the bacteria.
Contamination of yoghurt with the yeasts resulted in gassy-alcoholic fermentation and a. fruity odor with eventual spoilage of the product.
